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fluorine disposal 

By: Allen Rakow 


A preliminary design of an F 2 disposal system for HELSTF is 
presented here along with recommendations on operational policy 
and identification of potential operational problems. The 
analysis is based on sizing a system to handle two different 
modes of the HELSTF Fluorine Flow System (one operational and 
one catastrophic). This information should serve both as a 
guide to a final detailed design for HELSTF as well as a 
reference for subsequent monitoring and/or modification of the 
system which consists of a charcoal reactor followed by a dry 
soda lime scrubber. 
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A. HELSTF F 9 FLOW SYSTEM 
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Two cases were considered 


in 


system: 


DISPOSAL DESIGN CRITERIA 
the design of the waste disposal 


1. TRW Pallet - consists of an 8.2 ft 3 sphere filled 
with F ^ at 450 psi with a 1" burst disk and approximately 80 
feet of 1" tubing leading up to the disposal system. Treating 
F,,^ as an ideal gas gives 25 lbs of F 2 stored in the vessel 
which could be dumped through the disposal system. The 
following equation was used to compute the emptying time (p. 
482 of Transoort Phenomena by Bird, Stewart, and Lightfoot): 



Where t = emptying time 

V = volume of tank 


s 2 

r 


Po> f'o 
x ?1 


= area of outlet 
= Cp /Cv 

= initial pressure and density in tank 
= final density 


This gives an emptying time of abo c 8. 4 seconds which is an 

average of 1697 scfm or approximately 3 lb/sec . Neglected here 

is the resistance in the line from the tank to the disposal 
% 

system, therefore, these numbers represent an extreme worst 
case. 
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2. Aspirator - Composition of the ^2" N 2 m ^- x ^ ure 

through the aspirator will vary; however, a 50-50 mixture by 

volume at 36 scfm will be taken as a typical starting 

condition. At .03 lb m F_/sec tnis would be 1/100 of the 

m 2 

F 2 rate in the catastrophic case above. 


6. LITERATURE REVIEW 

Fcr the purpose of summarizing several reports on F^ disposal 
consider the following three step process to remove F^ from 
gas streams: 

Process Flow Scheme 
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Table I is a summary of various designs and operating 
conditions. Note that KOH is a popular scrubbing fluid for 
HF. This is probably due to its greater solubility in h^O 
then NaOH as well as a marked difference in solubility of KF 
vs. NaF in HjO as shown in Table II. KOH would have a 
definite advantage over NaOH since a scrubber could run longer 



Table II. Solubility* g/100 ml H 2 0 

NaOH 42° 

KOH 97° 

NaF 4.22 18 

KF 92. 3* S 


^Handbook of Chemistry & Physics 



? on recycled liquid before an insoluble salt would form. There 

are several disadvantages of a KOH scrubber; however, which ! 

would make a solid system more desirable. First, the scrubbing 
> liquid would have to be treated in a secondary step to remove 
KF. Secondly, the freezing point of K0 L would probably be in 

the 20-30°F range which could cause problems since the system ^ 

will be outdoors. Third, a packing material would be desirable ^ 

to effect mass transfer, and lastly liquid handling equipment 
would, be necessary. If a liquid system could be avoided this 
would be a great advantage. 
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NASA Lewis strongly recommends a charcoal reactor for a first 
step and Air Products has developed a portable system (Figures 
1 and 2) to handle small guantities of (dumping a single 
cylinder in a remote location). The Air Products system is an 
all solid system, i.e., NajCO^ is used in the second stage 
to remove HF. Note also that the charcoal system has water 
cooling available since the heat of reaction is very high for 
C+2F 2 -► CF^. 

It should be noted that Union Carbide, as a result of a lab 
= scale study (^ 10% F 2 in N^, c 2000 cc/min), recommended * 

t the purification of wood charcoal by heating to 850°C to 

eliminate the formation of precipitates from non-CF^ fluoro 
carbons formed. In the same study they found that for dry 
i charcoal and 1% F^ in N 2 with no heat source other than 

heat of reaction conversion of F^ to CF^ was poor (5800 ppm 
F 2 in effluent). Whether these problems will appear at 
higher rates and concentrations is doubtful. Nevertheless, 
this information should be kept in mind should any problems 
arise in the charcoal reactor (they resorted to sintered metal 
filtering and heating the reactor to alleviate these problems). 

H. Schmidt of NASA Lewis (Feb. 1259) concluded that "for 

engineering design approximations, the stoichiometric charcoal '*• 

requirement is 17.5 pounds charcoal per 100 pounds of fluorine 
gas to be burned, plus minimum cr arcoal for maintaining 
reaction efficiency toward the end of the burning period." 

Also mentioned is "low F 2 flowrate through high capacity 
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Figure 2 
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reactors has on two occasions allowed excessive heating of the 
?2 inlet nozzles in uncouled reactors, causing attack on 
the nozzles and refractory lining in the lid. Higher flowrates 
through the nozzles provided sufficient cooling to prevent this 


attack in one test the equipment was operated at over 

600 pou w,is per hour for approximately three minutes (equivalent 
to 30 It F^) without damage to the reactor." One can 


conclude .rom tnis report that careful attention must be paid 
to the use of cooling to prevent damage to the system. In 
fact, it is also mentioned that "with a furnance grating 
support with bottom inlet feed, the reaction process tends to 

f 

consume the grating." 


NASA Lewis concluded that only the external surfaces of the 
charcoal particles are active in the reaction and that the 
controlling factor in the reaction is probably "mass transfer 
by counter diffusion of the reactants and products into and 
away from the solid surface through the gas layer.'- They then 
recommend the following as a design equation: 


R = 65V lb F 2 /hr 
D 

where R = ?2 rate in lb/hr - max allowable 
V = charcoal volume, ft^ 

D = particle diameter, in. 



Lastly, it should be mentioned that no attempt has been made 
here to review KOH liquid scrubbing since a solid bed system is 
recommended. An extensive literature exists in this area, 
however, should interest arise. Also, there are several 
industrial processes and patents by the Japanese, Russians, and 
Germans on removal which could be studied. 

C. ANALYSIS 

For the two cases described in Section A the following 
calculations are made: 

1. Amount of charcoal required 

2. Amount of soda lime required 

3. Exit gas temperature from charcoal 

4. Exit gas temperature from soda lime 

5. Pressure drop thru charcoal and soda lime 

1 . Amount of Charcoal Required 

a) TRW Pallet - From a stoichiometric point of view 
we have 25 lbs of F 2> therefore, we need": 

25 x 17.5 4.4 lbs charco al 

100 

If we were to use the NASA design equation R = 65V for 

D 







3/8" charcoal and a rate of 1697 scfm (10,780 lb/hr) we'd need 
62 ft^ of charcoal. Considering a void volume of .4 and a 
charcoal density of 12 lb/ft 3 this would be 446 lbs of 
charcoal . 


We can also use the following equation to compute the volume of 
charcoal required to achieve a particular exit concentration of 
F <2 from the bed: 


In / Y 


v = G 

akgC 


where V 


volume of bed, ft^ 

molar rate of gas, lb moles 

min 

effective surface area/vol of bed, ft 2 

It* 

maos transfer coefficient, ft/min 


molar density of gas = P_ = lb moles 

RT 3 


mole fxn of into reactor 


mole" fxn of out of reactor 


19-27 


*. * » 







This equation is based on steady isothermal flow and diffusion 
control, i.e., as soon as the F reaches the charcoal surface 
it reacts instantaneoulsy with the carbon on the surface only. 

For the TRW pallet case, Y. = 1, G = 4.73 lb mole, C = P = 

H 1 min RT 

14.7 psi x 144 = .0007 lb moles assuming a max T of 2000°R in 

1344 ( 2000°R ) ft 3 * 

the reactor, a = 115 ft 2 for 3/8" particles 

ft 3 

c 

and set Y fl =1 ppm = 10 

H 2 

From Figure 3 we can take kg to be 10 cm/sec or 19.7 ft/min. 

so V = 4.73 In 10 6 

(113) (19.7) (.0007) 

or V = 41.2 ft 3 (not drastically different from the 

NASA design equation) 

This would be 297 lbs of charcoal, 
b) Aspirator 

1) NASA Design: 

18 scfm x 1 lb mole x 60 min x 38 lb = 114 lb 

359 ft 3 hr lb mole hr 

V = 114 x 3 = .65 ft 3 (4.7 lb charcoal) 

TT 8 
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j Y «= . 5 , G = .1 lb mole 

} M 1 min 


jr kg = 2 cm/sec = 3. 94 ft/min 

4 

V = ._1 In .3 

115 (3.54) (.0007) 10" 6 

* 

* 

V = 4.13 ft 3 (30 lb charcoal) 
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which the reaction kinetics, flow characteristics, and size distribution of solids are 
known. 

Referring to Fig. 13, let us discuss briefly the various types of contacting in 
gas-solid operations. 

Solids and Gas Both in Plug Flow. When solids and gas pass through the reactor 
in plug flow, their compositions will change during passage. In addition, such 
operations are usually nonisothermal. 


Figure 3 
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2. Amount of Soda Lime Required 


a) TRW Pallett - Assuming 1056 HF out of the charcoal 
due to the residual H 2 0 in the charcoal and the same model 
(diffusion control) as the charcoal then: 


' 2 

a = 445 jft for 1/8” soda lime particles 

ft 3 

G = 2. 36 

Since there are half as many moles of gas (C+2F2-> CF4) then: 


V = 2.36 In .1 

445 (19.7) (.0007) 10 -6 

3 

V = 4.42 ft (at a density of 125 lbs and a void 

ft 3 

fraction of .4 this would be 331 lbs of soda lime 
b) Aspirator 

4.42 x 4.13 = .44 ft 3 -» 33 lbs of soda lime 

41.2 

3. Exit Gas T From Charcoal 

a) TRW Fallet - We'll assume that an equilibrium is 

Established whereby the charcoal temperature rises to that of 

the exit gas and the system is adiabatic (no transfer through 

walls ) . 

* 
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The heat of reaction of C+ 2 F 2 -> CF 4 is 222 kcal/g mole. 

25 lbs F^ x 454 g mole x 222 kcal = 66,308 kcal 

38 lbs 7TZ ~T1 lb mole g mo 1 e 

lb mole 3 


l 

•1 


carbon = . 387 cal 

P n 


C = .25 cal 

p gas g o c 


66,308,000 = (446 lbs charcoal )( 454 ^_) ( . 387) UT) +25( 454) ( . 25) (aT) 
A T = 816°C = 1469°F 


If the F 2 comes in at 70°F-» exit T = 1530°F 

or 

-2000OR 


b) Aspirator 

Basis: 10 minutes of operation 

18 scfm x 10 min = .5 lb moles 

359 


.5 x 454 x 222 = 50,394 kcal 


A 




With the small quantity of charcoal required for this system it 
is clear that extremely high temperatures would be reached (of 
course, it is really necessary to know exactly the inlet F^ 
concentration during aspiration to pin this number down). 


■1 
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Therefore, it is apparent that the system required for the TRW 
pallet case should bt used for the aspirator as well to prevent 
excessive temperatures 1 


4. EXIST GAS TEMPERATURE FROM SODA LIME 

a) TRW Pallett - Treating .1 lb mole HF with 331 lbs of 
soda lime would give a iT = A07°F. This would result in a 
temperature of about 2000°F out of the soda lime (if there 
were no cooling between the charcoal reactor and soda lime 
system). 


b) Aspirator 


not considered 


PRESSURE DROP THRU CHARCOAL 


a) TRW Case 


Ergun equation: 


* P g c £ dp p c 


150 (1-E) + 1.75 


(1-E) G 


where P = pressure drop per unit length of 
3 packed bed 

€ = void volume 

d_ = diameter of particles 


= gas density 


superficial mass velocity 
mass/(area x time) 


= dp G 

M = viscosity of gas 
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For the TRW case with a reactor 4' x 4' x 4': 
/ 


G 

25 lbm 

X 

1 

= .186 lbm 


8.4 sec 


16 ft 2 

sec ft 2 

dp = 

3/8"/12 

= 

1 

32 ft 

E = 0.4 

II 

CD 

Q> 

(14.7) 

(144) 

(38) 

= .026 lbm 


(1544) (2000) ft 3 


JU. c: 7 lbf sec x 10”^ 

ft 2 

1 

R e = (32) (.186) <- 26,000 [1st term negligible] 

(7xl0 -9 ) (32) 

/. 9 c &3 £g = 1.75 

2- (1-6) G' 2 


A P = 

(1.75) (.6) (.186) z 

21.7 

lbf /ft 2 

2 

(32.2) ( . 4) 3 (1/32) (.026) 


ft 

&P = 

.15 psi/ft 



AP = 

.6 psi (add a bit more [1 psi 

total ] 

for soda lime) 


b) Aspirator - Not considered. 
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D. 


PROPOSED SYSTEM DESIGN 


1. Charcoal Reactor - A volume of 62 ft" 5 (446 lbs of 
wood charcoal, 3/8" diameter) is required. The General 
Dynamics Sycamore Canyon Reactor (GDSCR) would be a suitable 
design. It is basically a cylindrical furnace with a firebrick 
floor, firebrick walls of 4-1/2 in. x 9 in. straights and 
wedges, and a conical sheet metal hood. Since the GDSCR was 
designed for 528 cu ft with 2 ft of ullage above '.he charcoal 
the GDSCR could be scaled down by 1/3 in cross-sectional area 
and 1/3 in height to give the required HELSTF volume. The 
inlet and outlet lines will of course be smaller but the inlet 
should be equipped with cooling water and the polyethylene 
isn't needed since the HELSTF system will be used for normal 
operation. Attached is a description bf the GDSCR system. 

2. S oda Lime Scrubber - A volume of 4.42 ft^ (331 lbs) 
is required. Fischer Chemical (Wendy 800/527-5920) can supply 
14 kg containers (6-12 mesh) at $135 per container. This 
amount should be sufficient for each aspiration. The design 
for this system could be the same as the GDSCR only scaled down 
to the smaller volume. 
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GDSCR SYSTEM DESCRIPTION 


Distribution of fluorine* flow (n a charcoal charge cannot assure Mole hlnmet r i * 
combustion* The reactor la therefore designed to hold twice the theorellcnlh resulted 
charge o f charcoal, giving sufficient bod depth to prevent channeling and bio* -through, 
take care of a ah coot eat, and provide a safety margin. Nominally designed for disposal 
of t0 # 000 pounds of fluorine boiled off from tbe vehicle tank la an emergency, the 
reactor la alto capable cf handling the 30,000 pounds of fluorine In the storage tank. 

If necessary. 

Density of graded oak charcoal, with a minimum ash and hydrocarbon content, la 
approximately H lb/cu ft* Theoretical volume of charcoal required for the reactor 
unit, Eq. 3-1, le ther efo re! 

3160 Tb + 12 - 264 cd tt 

or 626 ctMo feet edth tbe doddle volume for allowances. A 0-ft. dla. cylindrical 
-ch ambe r V fief in height te adequate for the volume required. Including a 28-In. 
ullage above charcoal level. 

The reactor unit U shown In cross-section In Figure 3*15, It (a basically a cylin- 
drical furnaoo with a firebrick floor, firebrick walls of 4 1/2- la. v S-Ln. stnights 
and we dg es, and a cod cal sheet metal hood. Gaseous fluorine Is Introduced through 
s 6- Inc Inlet* water-jacketed and protected from furnace heal by s firebrick Injector 
tanael, or igloo. Diffusion of fluorine Into tbe charcoal is through a three-course 
diffuser as shown tn Section A-A, Figure 3-15. Tbe top and bottom courses are 
mortared. The intermediate course Is recessed, with the vertical Joints uamortared 
for fluorine egrtse. This is the final configuration of the fluorine Injection system 
of the General Dynamics Sycamore Canyon reactor, eucccsafuUy used for dtiposal 
of gaseous FXQX fron Alba vehicle tank tests. 

The hood of the reactor Is fitted with four 2-ft x 2-ft swing-doors for charcoal 
loading and ventilation during cleanout. If the reactor Ir ever used, It Is refurbished 
by first the ground-level cleanout access door and knocking out a flrvbrtck 

soft patch. With the upper doora open for ventilation, aah mA excess charcoal can 
be removed through the lower door. After cleaning and Inspection, the access open- 
ing Is rsflrebrlcked, the door closed, and the furnace charged with charcoul thr^u^h 
the upper loading doors. After charging, the charcocl Is leveled and n 4-m!l pol\ - 
ethylene vapor-h »i rl» r sheet laid (n place and taped, to exclude atmospheric humtdin 
and retain the chaicual In .. dn state. 

The burner wnt line Is ,i/ol lor ;» maximum combustl* rate of 9000 pound* uf 
fluorine per hour, prodmlng J. 9 pound* of (1^ \kt seconrJ. Che 30-In. dla. line 
delivers combustion products it .» m.ixlmum velocity of 30 fps tu ihe si rubber. 

Estimated iosl of (hi* ie.*ii«»i milt I. *7,.‘ion. Including f.ibrK .ilion »<f ih»* w.iiei- 
cooled Injector, sheet - met. il *«*rk, .nwi I dioi. 
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E. RECOMMENDATIONS 


1. Measure and HF concentrations in effluent during 
test run to confirm efficiency of system (temperature would 
also be useful). 

2. Use extreme caution in cleaning and replenishing system 
(after 10 aspirations) since fluorine could be present. 

3. Should cooling water be unavailable make sure that F^ 
metal inlet tube is replaced with refractory. 

A. Same approach should be taken with soda lime scrubber. 

5. System requires 3/8" wood charcoal, should particle 
entrainment become a problem consider adding a filter between 
the charcoal and soda lime reactors. 
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